I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Intensive Care Unit (ICU) patients develop fever due to a variety of causes. Hyperthermia is a condition of impaired thermoregulation and is caused only by a few disorders. We present the case of a 66-year-old man with congestive cardiac failure (CCF) who developed hyperthermia with forced diuresis. Recognition of this association and subsequent fluid management led to a rapid resolution.

C[ASE]{.smallcaps} R[EPORT]{.smallcaps} {#sec1-2}
=======================================

A 66-year-old man presented with CCF. He had undergone dual-valve surgery; mitral valve replacement (metallic prosthesis) and aortic valve repair 24 years earlier and was on oral anticoagulation. He had developed massive pedal and scrotal edema and was bedbound for the last 2 weeks. On examination, he was oriented, afebrile, and had massive scrotal edema and anasarca with edema blisters over the legs. He weighed 122 kg. Echocardiography showed paradoxical septal wall motion with a prosthetic mitral valve, left ventricular ejection fraction 35%, dilated right ventricular annulus, moderate left ventricular dysfunction, and severe tricuspid regurgitation. Venous Doppler of the legs was normal. He was started on digoxin and intravenous (IV) furosemide along with fluid restriction. In 13 days, he lost a cumulative fluid of \~35 L and his body weight was 88 kg. His creatinine rose to 3.2 mg and bilirubin to 2.7 mg; however, an ultrasonography abdomen was normal. Ammonia (195 mg) was elevated, with normal liver enzymes and serum electrolytes. By day 13, his temperature crept up to 41°C (106°F) and he became delirious. His creatine phosphokinase was 6500 U/L and lactic dehydrogenase was 720 U/L. Sepsis was considered and empirical antibiotics were administered. Computed tomography brain and pan cultures were normal. He was initiated on hemodialysis and hepatic encephalopathy regimen. Muscle tone was normal, and he was warm and "dry." He was intubated and ventilated. He had not been administered any neuroleptics, serotonergic agents, or anesthetic agents. Analysis of his intake--output chart led us to consider forced diuresis-induced hyperthermia at this point \[[Figure 1](#F1){ref-type="fig"}\]. The ICU Wet Bulb Globe Temperature (WBGT) was approximately 78°F (25.5°C). His fluid balance was controlled, and cooling blankets and cold IV fluids were instituted. Pan cultures were negative. His temperature came down to 37°C over 3 days; he regained consciousness and hemodialysis was stopped after 5 days. His weight stabilized at 95 kg. He was discharged without further incident.

![Graph showing the relationship between intake, output, and cumulative body water loss with body temperature](IJCCM-22-608-g001){#F1}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Temperature regulation is an intricate process masterminded by the hypothalamus \[[Figure 2](#F2){ref-type="fig"}\].
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Internal heat is generated via metabolism and muscle contraction. The excess "waste" heat is lost to the environment through radiation (H~rad~), convection (H~conv~), conduction (H~k~) (sensible heat) (dry heat loss \[DHL\]), and evaporation (H~evap~) (latent heat). With exercise, increasing metabolism, or increasing environmental temperatures, the first three methods (DHL) are limited and primary heat loss is through evaporation. The environmental WBGT (an index of heat stress) also influences the rate of H~evap~.\[[@ref1]\] The WBGT (a combination of air temperature, mean radiant temperature, absolute humidity, and air movement) is a widely used index of heat stress. As the WBGT increases, the heat stress increases.

Thus, a thermo-neutral heat balance equation is one where heat production equals heat loss and is represented by the following equation:\[[@ref2]\]

S = (H~m~-- W~e~) ± H~evap~ ± H~Conv~ ± H~rad~ ± H~k~ ± H~r~

Where S = Change in body heat content

H~m~ = Internal metabolic heat

W~e~ = External work performed

(H~m~ -- We) = Heat to be dissipated to the surrounding ("Waste heat")

H~evap~ = Evaporative heat loss from the body

H~Conv~ = Convective heat loss

H~rad~ = Radiated heat loss

H~k~ = Conductive heat loss

H~r~ = Heat loss through respiration.

For normal heat balance, H~m~-- W~e~ ("Waste heat") = H~evap~ ± H~Conv~ ± H~rad~ ± H~k~ ± H~r~. When there is an imbalance either by increase in H~m~ or a decrease in H~evap~ ± H~Conv~ ± H~rad~ ± H~k~ ± H~r~, then the body accumulates heat.

In cool environments, our excess heat load is dissipated to the environment by radiation and convection from our skin. With increasing workloads or higher environmental temperatures, evaporative cooling is the primary heat loss mechanism. Hence, when evaporative cooling is hindered by dehydration, clothing, increasing humidity, or poor air movement, human beings become vulnerable in high temperatures.

Hyperthermias are disorders of increased body temperature. These can be broadly classified as fever or hyperthermic states. Whereas fever is induced by an elevation of the hypothalamic set point and is aspirin responsive; in the other hyperthermic states, the hypothalamus and the temperature regulatory circuitry are overwhelmed. Hyperthermia classically is defined as a core body temperature \>40°C--40.5°C along with central nervous system dysfunction.\[[@ref3][@ref4][@ref5]\]

True hyperthermia is due to (1) excessive heat production as in exercise hyperthermia; (2) impaired heat dissipation as in dehydration, environmental heat exposure, skin diseases, or anhidrosis; or (3) pathological or pharmacological factors that impair thermoregulatory mechanisms \[[Figure 3](#F3){ref-type="fig"}\].
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Surprisingly, CCF is associated with an increased basal metabolic rate (BMR) of approximately 18% more than normal, which contributes to cardiac cachexia.\[[@ref6]\] Furthermore, the BMR increases in direct proportion to the severity of the heart failure.\[[@ref7]\]

Furosemide has been implicated in hyperthermia in rare cases, due to either drug fever or dehydration in a neonate and as an idiosyncratic reaction in an adult.\[[@ref8][@ref9]\] However, this magnitude of dehydration and the correlation with rising temperature have not yet been documented.

The rate of heat loss at rest in an air-conditioned room is approximately 370 kJ/h (sensible heat 210 kJ/h and latent heat 160 kJ/h).\[[@ref10]\] Usually, heat-related illness is uncommon with a WBGT \<82°F (28°C). Although our ICU was relatively "cold" with a WBGT of approximately 78°F (25.5°C), we presume that our patient developed hyperthermia by the following mechanisms:

Increased heat production (H~m~) as CCF is associated with a raised BMR\[[@ref6]\]Inability to increase heart rate and stroke volume by the failing heart "pump failure," leading to internal heat accumulationIntravascular volume depletion secondary to massive diuresis -- reduced heat carried to periphery for dissipationDiuresis-induced peripheral vasoconstrictionImmobility and reduced behavioral adaptive responses worsening the spiral of heat accumulation and hyperthermia.

Hence, in our patient, the heat balance equation tilted toward heat retention "by increased H~m~ and reduced H~evap~, with the other five variables remaining constant. The massive forced diuresis, underlying "pump" failure, and general debility contributed to accumulation of a "heat load" and hyperthermia. Physicians should consider an acutely impaired fluid balance as a possible cause of fever or hyperthermia in the ICU. The traditional "start low, go slow" technique of diuresis and close attention to the fluid balance are preferable even in severe cardiac failure, to avoid such a calamitous complication.
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